Objectives: To assess the profilometric changes of the buccal soft tissues between baseline and 5 years of loading using a one-and two-piece dental implant system.
| INTRODUC TI ON
Implant therapy is a predictable treatment modality with high survival rates on the implant and the restorative level (Jung et al., 2008; Pjetursson, Thoma, Jung, Zwahlen, & Zembic, 2012) . From a clinical point of view, survival rates do not entirely reflect the outcomes of a specific therapy, as they lack complication rates. For that purpose, success criteria were defined in the past. These criteria included parameters such as continuous prosthesis stability, radiographic bone loss, and absence of infection in the peri-implant soft tissues (Albrektsson & Zarb, 1998; Misch et al., 2008; Smith & Zarb, 1989) .
In addition, the visual appearance of the treatment and the final prosthetic outcome became important parameters for clinical success. One of the goals is to create a harmony between the natural and the reconstructed dentition. For that purpose, soft tissue stability at the buccal aspect of implant reconstructions is important. In the past, various parameters, methods, and measurements were used to evaluate the visual appearance, esthetics, and soft tissue stability (Benic, Wolleb, Sancho-Puchades, & Hämmerle, 2012) . Recent clinical data assessed the relationship between the height of the buccal bone and the soft tissue stability (Benic, Mokti, et al., 2012; Kuchler, Chappuis, Gruber, Lang, & Salvi, 2016) . It was concluded that the vertical bone dimension was associated with a reduction in width of the keratinized mucosa and a thin buccal bone wall (Kuchler et al., 2016) . Moreover, a vertical resorption of the facial bone wall leads to an increased risk for soft tissue recession (Benic, Mokti, et al., 2012) .
It was also demonstrated that the buccal soft tissues might compensate for buccal bone loss (Benic, Mokti, et al., 2012) . The analysis of clinical and profilometric changes of the buccal soft tissues might therefore serve as a valuable parameter to assess the outcomes of implant therapy. To assess volume changes of soft tissues, a noninvasive method was developed, further refined and applied for a variety of indications and studies (Sanz Martin, Benic, Hämmerle, & Thoma, 2016; Schneider, Grunder, Ender, Hämmerle, & Jung, 2011; Thoma et al., 2010; Windisch et al., 2007) .
The primary objective of this study was therefore to assess the profilometric changes of the buccal soft tissues between baseline and 5 years of loading using a one-and two-piece dental implant system. The null hypothesis of this study was that the use of a oneand two-piece dental implant system results in equal median volume changes over an observation period from baseline to 5 years. A study monitor prepared a simple random allocation with sequentially numbered, opaque sealed envelopes, based on a computer-generated list. At the day of implant placement, the study monitor opened the envelopes assigning the patients to be treated with titanium dental implants of either a two-piece type (Brånemark system Mk III, TiUnite surface, Nobel Biocare, Zurich, Switzerland; BRA) or a one-piece type (Straumann Tissue Level, SLA surface, Institute Straumann, Basel, Switzerland; STM). Neither participants nor clinicians were blinded after enrollment. Patients were treated using the same clinical protocol. The only difference was the implant system placed, with the surgeon deciding to take a submerged or transmucosal approach healing mode. The majority of the implants were left submerged. The following inclusion criteria was applied: medically healthy condition and older than 18 years. Patients with local contraindications such as systemic medical conditions, drug abuse, or local jaw pathology were excluded. The original study was designed with a follow-up period of 5 years with interim reports scheduled at 1 year.
| MATERIAL S AND ME THODS

| Study design
No changes were made after the initiation of the study. The sample size was calculated based on a previous publication including 28 partially edentulous patients, but with a split-mouth design (Åstrand et al., 2002) . Therefore, the number of included patients was increased to 60 (30 per group) (Thoma, Sanz, Benic, Roos, & Hämmerle, 2014) . For the present data reporting on profilometric changes of the peri-implant tissues, more specific inclusion/exclusion criteria were applied. Inclusion criteria were as follows: fixed reconstructions, implant sites in the anterior zone of the maxilla/ mandible (including premolars, but excluding molars), available casts for all time points (baseline, 1, 5 years), and no artefacts on the included casts. Patients and sites not meeting all inclusion criteria were excluded from the present analysis. This study is in compliance with the CONSORT Statement.
| Model fabrication
Alginate impressions (Hydrogum 5, Zhermack, Padoua, Italy) at the baseline examination (day of loading), at 1 year and at 5 years, were taken and dental stone type IV (GC Fujirock EP, GC Europe, Leuven, Belgium) casts were fabricated. Both materials, alginate and dental stone, were fabricated according the manufacturer instructions by an automatic device. The trays were carefully selected for each patient according to the region of interest for all impressions. Models with the presence of irregularities such as porous areas, undefined gingival margins, broken cusps, or undefined vestibulum were excluded.
| Stereolithography image acquisition and matching of data
A desktop 3D scanner (Imetric 3D, Courgenay, Switzerland) optically scanned the selected cast models. Stereolithography (STL) files from Baseline, 1, and 5 years were uploaded to an image analysis software (Swissmeda Software; Swissmeda AG, Zurich, Switzerland) and superimposed automatically by the program. Then, a manual fine alignment was performed using the implant crown (rigid structure) as reference between time points (Figure 1a ).
| Profilometric and image analysis
In case patients had received more than one dental implant at implant placement surgery, just one of these was randomly chosen for the profilometric analysis according to a computer-generated randomization list. All other implants were not evaluated for profilometric changes in this study. Moreover, the contralateral natural tooth, or its adjacent, was selected for the analysis. A calibrated (k:0.93), blinded evaluator, with access just to the STL files on the image analysis software, without any kind of identification of the groups and patients, performed all the measurements twice, with an interval of 7 days. The following measurements at baseline, 1-, and 5-year follow-up in previously randomly selected sites were assessed: 
Profilometric measurements:
The software calculated the profilometric change (PC: mean distance between the surfaces in mm) considering the area bordered by the mucosal margin at the analyzed site (mesial and distal line angles and extended 3-6 mm apically) (Figure 1c,d ).
| Radiographic measurements
A paralleling technique with Rinn-holders using analog films (Kodak Ektaspeed plus; Eastman Kodak CO, Rochester, NY, USA) was used to take intraoral radiographs of implants at all time points. All radio- 
| Statistical analysis
For data description, mean and standard deviation, median and quartiles for metric were calculated. The median and quartiles are described in the text and all these measures are given in the tables. qualitatively (with scatter plots) in the applications because of the small sample sizes. The significance level was set at 5%. The primary endpoint is the profilometric change from baseline to 5-year follow-up. For this primary endpoint nonparametric 95% confidence intervals are derived. All the other parameters are considered as secondary endpoints. For these corresponding tests, no correction of the multiple testing is used. In addition, it was investigated whether further explanatory factors (e.g., minor bone augmentation-dehiscence or fenestration defects-at implant placement) might explain the different group means or medians with parametric or nonparametric ANOVA models.
| RE SULTS
Sixty prosthetic reconstructions were placed (BRA: 30 patients, STM: The changes for the eTT at implant sites (IeTT BL/FU-5 ) and tooth sites (TeTT BL/FU-5 ) can be found in Table 1 .
The DIB BL/FU-5 were 1.41 (1.09; 1.61) mm (BRA) and 0.50 (0.16;
0.61) mm (STM).
There were no statistically significant different medians found between BRA and STM for the profilometric changes, linear measurements (Table 1 ) and radiographic parameters (Table 2) .
| Profilometric changes, linear measurements, and radiographic parameters between baseline (BL) and the 1-year follow-up (FU-1)
The There were no statistically significant different medians found between BRA and STM for the profilometric changes, linear measurements and radiographic parameters (Table 3) .
| Profilometric changes between tooth and implant site
The volume differences between implants and teeth from base- (Table 4) .
| D ISCUSS I ON
Comparing one-and two-piece dental implant systems minimal changes were observed in terms of implant crown height, eTT and the profilometric changes at the buccal side of implants and contralateral teeth during a 5-year observation period. Moreover, no significantly different medians were observed between tooth and implant sites. two studies with one-piece dental implants showed similar results in terms of recession (Blanes, Bernard, Blanes, & Belser, 2007; Gallucci, Grütter, Chuang, & Belser, 2011) . Based on this earlier long-term clinical study, a recession depth of 0.15 (±0.54) mm at the 1-year followup and of 0.33 (±0.7) mm at 6 years was measured. This translates into a yearly loss of approximately 0.04 mm (Blanes et al., 2007) .
In the more recent study, a small recession at crown insertion was found, but then stable results at 1 and 2 years of follow-up (Gallucci et al., 2011) . The outcomes of the present study also indicate that in order to assess small changes of the soft tissues over time, digital methods might be more easily applicable (Schneider et al., 2011) and with optimal accuracy (Windisch et al., 2007) compared to previous more invasive techniques (periodontal probes or endodontic files).
It has been reported previously that over time, peri-implant tissue undergoes remodeling processes. This is based on changes at the hard tissue and the soft tissue level (Benic, Mokti, et al., 2012; Kuchler et al., 2016) . In both studies one-piece dental implants were used. It was concluded that the buccal bone height was associated with a reduction in width of the keratinized mucosa, a thin buccal bone wall (Kuchler et al., 2016) and an increased risk for soft tissue recession (Benic, Mokti, et al., 2012) . In the present study, linear measurements assessing the buccal tissues thickness at implant sites revealed only minor changes over 5 years.
Moreover, the analyses comparing the two implant system, did not demonstrate any clinically relevant differences. This is in line with the outcomes of the present study, demonstrating more loss of volume during the first year then thereafter. The method of analysis was, however, slightly different.
A previous study utilizing three-dimensional imaging analysis (Jung, Benic, Scherrer, & Hämmerle, 2015) reported vertical bone stability after 5 years of evaluation. In the present study, the radio- 
TA B L E 4
Comparison between implant and tooth in profilometric measurements were performed at contralateral tooth sites and compared with both implant groups. At the 1-year follow-up, the BRA group lost 0.05 mm (profilometric outcomes) compared to the natural tooth sites, and the STM group lost 0.03 mm compared to natural teeth. Between the 1-and 5-year follow-up, greater changes at implant than at tooth sites were observed with implants demonstrating a higher volume loss. However, the analysis did not reveal any statistically significant different means between implant and tooth sites.
In a clinical manner, the study presented very similar results between BRA and STM group specially on a long-term evaluation. Even when compared to the natural tooth, the implant sites corresponded well and lost around 0.2 mm more volume compared to the natural tooth sites. This amount of volume loss could be considered clinically irrelevant and barely hard to assess.
The use of alginate to take the impressions can be considered a limitation of this study. Although the impressions were poured into stone immediately after they were taken, the inferiority of this material compared to a silicon or a polyether based impression material is obvious and might have led to less models available for analysis, due to the inability to re-fabricate the dental stone cast. This might have also affected the sample size, which decreased after model selection, resulting in 33 patients included, compared to the initial sample of 60 patients (a few cases with removable prostheses had to be additionally excluded). Further limitations included that neither clinicians, nor patients nor the examiner performing the analysis of the periapical radiographs were blinded. Future research should focus on an even longer follow-up applying similar outcome measures and potentially including patient-reported outcome measures.
| CON CLUS IONS
Minimal profilometric and linear changes occurred at implant sites during 5 years of follow-up. The comparison between teeth and implants demonstrated slightly more volume loss at implant site without statistical significance. The differences in profilometric and linear changes over time were negligible between the one-and the two-piece dental implant system. Interindividual and intersite differences, however, exhibited an extended range for profilometric and linear outcome measures.
